VERS1TA 

DOI:  10.2478/frp-2013-0018 


Lesne  Praee  Badawcze  (Forest  Research  Papers), 
September  2013,  Vol.  74(3):  189-195. 


ORIGINAL  RESEARCH  ARTICLE 


Diagnostic  features  of  Fraxinus  excelsior  L.  with  wavy-grained  wood 

growing  in  Ukraine 


Ivan  Sopushynskyy1  , Alfred  Teischinger2 

‘Ukrainian  National  Forestry  University,  Department  of  Botany,  Wood  Science  and  Non- Wood  Forest  Products, 

Tchuprynkastr.,  103,  79057  Lviv,  Ukraine; 

2 University  of  Natural  Resources  and  Applied  Life  Sciences,  Institute  of  Wood  Science  and  Technology, 
Konrad-Lorenz-StraBe  24,  3430  Tullnan  der  Donau,  Austria. 

E3  Tel.  +380  97  4592870,  fax  +380  32  2378905,  e-mail:  sopushynskyy@yahoo.com 

Abstract.  The  paper  presents  analysis  of  biometric  features  of  ash  with  wavy-grained  wood,  which  has  decorative 
appeal.  The  research  results  shows  that  fresh  broadleaves  ash  forest  stands  growing  in  the  Vinnytsya  and  Sokyryany 
Regions  of  Ukraine  have  high  potential  for  growing  curly  ash.  The  differences  between  straight-grained  and  wavy- 
grained  wood  density  and  macrostructure  were  analysed  and  estimated.  Statistical  evaluation  of  the  aesthetic 
macrostructure  of  wood  characteristics  indicated  that  the  length  of  wave  varied  from  3,25  to  10,83  mm  and  its 
amplitude  varied  from  0,37  to  1,74  mm.  The  average  width  and  mean  height  of  anomalies  in  wood  formation  were 
equal  to  15,89  mm  and  5,00  mm,  and  their  mean  occurrence  was  30  times  nr2.  Average  annual  growth  ring  width  of 
wavy-grained  ash  wood  was  clearly  greater  (by  25%)  than  that  of  straight-grained  wood.  The  density  of  wavy-grained 
wood  was  82  kg-m  1 higher  than  straight-grained  wood  after  oven-drying  and  70  kg-m  higher  prior  to  oven-drying. 
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1.  Introduction 

Common  ash  is  one  of  the  important  hardwood 
trees  species  in  Ukraine  and  across  Europe.  At  the  age 
of  100  years  they  are  30  m height  and  have  60-70  cm 
in  diameter.  Their  wood  texture  supplies  the  simply 
decorative  wood  (Gottwald  1989;  Schmidt  2002; 
COST  E42  2008;  Sopushynskyy  2011).  One  of  the  inter 
specific  variability  of  ash  is  characterised  by  special 
wood  anomalies  like  wave-grain  (Fig.  1). 

The  wavy-grained  wood  of  common  ash  is 
characterised  by  valuable  decorative  features.  Such 
figures  in  a wood  have  been  defined  as  unusual  grain 
or  abnormal  grain  pattern  that  adds  value  to  solid  wood 
products  by  aesthetic  characteristics  (Beals  et  al.  1977; 
Bauch  1980;  Harris  1989;  Bucur  2006;  Sopushynskyy 
et  al.  2006).  The  wave-grained  wood  of  ash  displays 


fine  textures  which  have  quite  a high  decorative 
value  (Chovanec  1986;  Gottwald  1989;  Wobst  1994; 
Sopushynskyy  2011). 

The  quality  of  decorative  wood  can  be  reflected 
by  its  utility  and  therefore  is  defined  by  the  consum- 
ers. Wood  quality  criteria  can  only  be  applied  for  the 
specific  purpose  for  which  it  is  used  (Harris  1989; 
Grzeskiewicz  2007;  Hemery  et  al.  2008).  The  main 
wood  characteristics  that  define  the  timber  qual- 
ity classes  of  ash  according  to  the  current  European 
norms  (Normen  iiber  Holz  2009)  include  average 
diameter,  knots,  wood  growth,  colour,  sweep  of  the 
wood  etc.  but  do  not  include  the  decorative  wood 
characteristics:  width  and  height  of  anomaly  wood 
formation,  its  number  etc.  Thereby,  the  decorative 
value  of  ash  wood  is  important  in  the  context  of  its 
classification  by  quantifiable  or  explicable  charac- 
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Figure  1.  The  wavy-grained  wood  of  common  ash  growing  in  Ukraine 


teristics  (Yatsenko-Khmelevskyy  1954;  Rioux  et 
al.  2003;  Vintoniv  et  al.  2007;  Sopushynskyy  2006, 
2012). 

The  diversification  of  customers’  demands  for  spe- 
cific aesthetic  wood  properties  leads  to  a gain  of  sawed 
or  cut  wood  surfaces  which  supply  the  fine  or  decorative 
appearance  of  wood  products  (Mayevskyy  et  al.  2008). 
Insufficient  knowledge  and  poor  understanding  of  the 
high  value  of  broadleaved  species  with  high-quality 
decorative  wood  (due  to  wave-grained  wood  of  ash) 
leads  to  a lack  of  willingness  of  cultivating  these  species 
and  also  to  inconsistent  supply  of  timber  with  high-val- 
ue decorative  wood. On  the  other  hand  there  is  evidence 
that  the  final  consumers  are  ready  to  pay  a higher  price 
for  personalised  and  customised  products  e.g.  furniture, 
interior  design,  floors  with  highly  decorative  wood  sur- 
faces (Furnier  Magazin  2008,  2009;  Surface  Magazin 
2008,  2009,  2010;  Laminate  Magazin  2008,  2009). 

The  aims  of  the  present  study  are  to  assess  the 
biometric  and  wood  macrostructure  characteristics  of 
ash  trees  with  wave-grained  wood  and  to  determine  the 
distinctions  of  wood  density  between  straight-grained 
and  wave-grained  wood.  Also  this  paper  provides 
a framework  fora  future  research  in  the  subject  area  of  the 
diagnostic  model  development  of  ash  trees  with  wave- 
grained wood.  Furthermore,  it  provides  information  for 
the  conservation  of  ash  with  high  decorative  wood. 

2.  Materials  and  methods 

The  study  was  conducted  in  the  fresh  broadleaves  ash 
forest  stands  growing  in  theVinnytsya  and  Sokyryany 
regions  of  Ukraine.  Silvicultural  and  dendrometrical 
characteristics  of  broadleaves  forest  stands  were 
collected  on  three  observation  plots  (OP)  of  field  studies 


with  focus  on  acquiring  and  in-depth  understanding  of 
ash  with  wavy-grained  wood  as  well  as  its  silvicultural 
potential  (Table  1). 

Altogether,  11  models  of  ash  trees  with  wavy- 
grained  wood  and  11  mode  Is  of  ash  trees  with  straight- 
grained wood  were  studied  for  their  biometric  and 
morphological  features  as  well  as  wood  density.  The 
biometric  characteristics  were  collected  from  the 
fell  model  trees.  To  systematize  knowledge  about 
differences  in  morphological  characteristics  of  curly  ash 
specific  features  have  been  used  (Fig.  2). 

The  morphological  characteristics  of  a wood  surface 
and  an  annual  ring  width  were  measured  by  software 
AutoCAD  8.0  on  the  digital  photos. The  wood  density 
was  determined  at  breast  height.The  discs  were  cut  into 
three  segments:  juvenile  wood  where  heartwood  forma- 
tion may  be  initiated  (years  rings  5-20  from  the  pith), 
transition  heartwood  (approximately  10-40  years  rings), 
and  sapwood  (years  rings  20-60  from  the  bark).  The 
green  volume  of  the  segments  was  measured  by  water 
displacement  method.  By  using  the  oven  drying  method 
the  oven-dry  mass  was  measured  after  24  h at  103±2°C. 
The  initial  weighing  of  each  sample  was  made  as  soon 
as  possible  after  it  had  been  cut  and  the  measurement 
was  made  to  the  nearest  0,001  g on  a precision  balance. 
Errors,  due  to  unavoidable  delay  before  weighing,  were 
minimised  by  placing  the  sample  in  polythene  bags  im- 
mediately after  cut.  Basic  wood  density  was  calculated 
as  the  ratio  of  the  weight  of  the  oven-dry  wood  and  the 
volume  of  green  wood;  the  density  of  oven-dry  wood 
was  calculated  as  the  ratio  of  the  weight  and  the  volume 
of  the  oven-dry  wood.  (Vintoniv  et  al.  2007). 

The  statistical  analyses  was  based  on  procedure 
SPSS  13.0  - One-Way  ANOVA  (Analysis  of  Variance) 
to  produce  a one-way  analysis  of  variance  for  a quanti- 
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Table  1.  Forest  and  estimated  features  of  observation  plots  of  ash  stands 


Observation 

plots 

Latitude  & altitude 

Tree  species  composition* 

Age 

years 

Stand  quality 
index  / stand 
density  index 

H [m] 

D [cm] 

M[m3] 

1 

48°27'28"N  27°20’56"E  290  m 

8Js2Dbs 

90 

H/0,70 

28 

36 

330 

2 

49°06'01"N  28°40’16"E  287  m 

4Js5Gb  1 1 Jw+Lp+Kl 

82 

1/0,70 

28 

36 

307 

3 

49°06'30"N  28°39'15"E  295  m 

4Js5GblJw+Dbs+Lp 

91 

L/0,90 

32 

46 

400 

* Js  - Fraxinus  excelsior  L.;  Dbs  - Quercus  robur  L.;  Gb  - Carpinus  betulus  L.;  Jw  -Acer  pseudoplatanus  L.;  Lp  — T ilia  COrdataMill.; 
Kl- Acer  platanoides  L.;  +-  <5%/  defined  as  <5%,  H - average  tree  height,  D - average  tree  diameter,  M-  timber  volume  perhectar 


Figure  2.  Biometric  features  of  common  ash:  a)  tree  (/  - length  of  wood  anomaly,  m;  h,  - height  of  tree,  m : h . - spring 

~ ' ' rn.w.  0 j 7 7 iree  o yy  Spr  crown  * 0 

of  crown,  m;  d, , - diameter  at  the  breast  height,  cm);  b)  anomally-accentuated  wood  grains  of  trunk  (a  , -width  and  b , - 

7 7 1.3m  07/7/  j o v an.Jorm.  anjorm. 

height  of  anomaly  wood  formation,  mm;  c)  curly  grain  (X  - length  of  wave,  mm;  U — amplitude  of  wave,  mm) 


tative  dependent  variable  by  a single  factor  (independ- 
ent) variable.  T-test  was  applied  for  the  analysis  of  vari- 
ance which  analyses  the  difference  in  means  of  a con- 
tinuous variable  between  two  groups.  Null  hypothesis 
has  no  difference  in  the  mean  values  and  the  alternative 
hypothesis  has  a difference  in  the  mean  values  (signifi- 
cant at  p<0,05)  (Janssen,  Laatz  2007). 

3.  Results  and  discussion 

Morphological  characteristics  of  trees  and  the 
wood  density  are  the  best  diagnostic  features  of  tim- 
ber and  wood  quality  (Yatsenko-Khmelevskyy  1954; 
Zobelet  et  al.  1995;  Grzeskiewicz  2007;  Vintoniv  et 


al.  2007;  Hemery  et  al.  2008;  Sopushynskyy  2012). 
They  are  mainly  influenced  by  genetic  and  environ- 
mental factors  (Yatsenko-Khmelevskyy  1954;  Zobel  et 
al.  1995).  The  genetics  of  hereditary  variation  of  ash 
is  well  characterised  by  straight-grained  and  wavy- 
grained  wood,  and  reflected  by  biometric  distinctions 
of  trees  (Table  2). 

Morphological  distinctions  of  wavy-grained 
ash  wood  of  the  age  range  from  80  to  92  years  are 
characterised  by  8-16%  bigger  diameters  at  the  breast 
height  for  ash  trees  with  straight-grained  wood.  The 
spring  of  crown  of  curly  ash  started  at  the  average 
height  of  12  m and  the  length  of  anomaly  wood  is  in 
range  around  1,1  m.  There  are  no  significant  changes 
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Table  2.  Biometric  features  of  curly  ash  with  wavy-grained  wood  with  straight-grained  wood  (in  the  brackets) 


Observation 

plots 

Tree  model 

Age  [years] 

h [m] 

<Wcm] 

h [m] 

spr.crown L J 

l [m] 

rn.w.  L J 

V ,[m3] 

1 

1 

90 

31,0  (28,0) 

42  (38) 

11  (20) 

1,8 

0,22 

2 

92 

27,0  (27,0) 

42  (32) 

12(19) 

0,9 

0,09 

3 

89 

28,0  (27,0) 

46  (36) 

9(18) 

0,5 

0,04 

4 

92 

28,5  (28,0) 

45  (36) 

8(19) 

1,0 

0,12 

5 

90 

27,5  (27,0) 

44  (36) 

10(17) 

1,5 

0,19 

2 

6 

85 

28,0  (28,0) 

38  (32) 

14(18) 

0,5 

0,03 

7 

80 

27,0  (27,0) 

44  (38) 

15(17) 

1,8 

0,23 

8 

83 

29,0  (28,0) 

46  (38) 

10(16) 

2,1 

0,29 

3 

9 

91 

32,0  (31,0) 

44  (40) 

15(19) 

0,5 

0,03 

10 

90 

30,0  (29,5) 

42  (38) 

14(18) 

0,9 

0,09 

11 

92 

31,0(30,0) 

48  (44) 

12(17) 

0,8 

0,11 

Symbols  as  in  Fig.  2. 


Figure  3.  Regression  model  of  the  length 
of  wavy-grain  ash  wood  zone 


in  the  study  results  for  trees  in  different  height.  The 
dendrochronologic  study  revealed  that  wavy-grained 
wood  ash  started  to  produce  in  the  age  range  of  1 1-20 
years  old. The  differences  in  variability  of  mean  values 
of  the  diameter  at  the  breast  height  and  the  spring  of 
crown  were  evident  or  significant  (p<0,05). 


The  multivariate  analysis  encompassed  the 
biometric  features  of  curly  cCommon  ash  and  showed 
the  significant  relationships  (0,05)  among  the  length  of 
decorative  wood  (Z=lmwood),  the  height  to  the  first  living 
branch  (Y=h  . ) and  the  diameter  at  breast  height 

v spr.  crown7  ° 

(X~d  3m)  (Fig.  3).  The  non-linear  regression  analyses  of 
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researched  variables  gave  the  function: 

Z=  5,3  + 0,03X-  0,87+  1,0£  - 4X2-  1,4 E -5 XY  + 
0,03  r- 

by  multiple  R = 0,65. 

Aesthetic  features  of  wood  play  an  important 
role  due  to  their  volumetric  and  fashionable  patters. 
Wave-grained  wood  appearance  in  furniture  is  very 
important  for  the  customers  who  are  buying  it.  For 
measuring  the  wood  attractiveness  it  is  very  important 
to  use  quantifiable  or  explicable  characteristics  of  wood 
macrostructure.  The  wave-grained  wood  formations  of 
common  ash  are  evaluated  by  analysing  the  texture  and 
figure  of  the  wood  surface  (Table  3). 


Statistic  evaluation  of  the  aesthetic  macrostructure 
wood  characters  indicates  the  high  variation  of  macro 
structural  variables  (Table  2).  Thus,  the  coefficient  of 
variation  is  in  the  range  of  23  to  36%.  Thereby,  the 
length  of  wave  varies  from  3,25  to  10,83  mm  and  its 
amplitude  - from  0,37  to  1,74  mm.  The  average  width 
and  average  height  of  anomaly  wood  formation  are 
equal  15,89±0,80  mm  and  5,00±0,18  mm  as  well  as 
their  average  number  on  0,1  m2  of  30±1,11. 

Wood  density  forms  an  integral  component  of  tree 
breeding  programs  and  the  main  characteristics  of  wood 
quality.  Since  the  quality  of  wood  is  the  result  of  a long 
process  where  genetic  dispositions  of  the  tree  interact 


Table  3.  Specific  features  of  wave-grain  wood  of  common  ash 


Variables 

N 

min 

M±m 

max 

V,  X 

P,  % 

k [mm] 

450 

3,25 

6,52±0,09 

10,83 

28,4 

1,3 

U [mm] 

300 

0,37 

1 ,06±0,02 

1,74 

30,6 

1,8 

52 

7,36 

15,89±0,80  33,19 

36,1 

5,0 

b , [mm] 

an.jorm.  L J 

52 

2,25 

5,00±0,18 

8,26 

25,8 

3,6 

N , / 0,1  nr 

an.lorm.  7 

40 

15 

3 0±1, 11 

41 

23,3 

3,7 

N - number  of  samples;  min  - minimum;  M±m  - mean  ± standard  deviation; 

max  - maximum;  V - coefficient  of  variation;  P - 

accuracy  figure 

Table  4.  Annual  ring  width  and  wood  density  of  common  ash 

Variables 

Slope  of  wood  grain 

N 

min 

M±m 

max 

V,% 

p,  % 

wavy-grain 

49 

3,5 

5,li0,17 

8,2 

23,2 

3,3 

0-9° 

36 

2,8 

3,8±0,1 1 

5,1 

17,9 

3,0 

S.  [mm] 

tree  rings  L J 

10-25° 

14 

2,9 

3,9±0,10 

4,3 

9,2 

2,5 

26^-5° 

21 

3,0 

3,8±0,11 

4,8 

13,2 

2,9 

wavy-grain 

49 

555 

581i5,03 

635 

6,1 

0,9 

0-9° 

71 

457 

511±4,29 

575 

7,1 

0,8 

p.  [kg-nr3] 

10-25° 

14 

477 

550i7,36 

583 

5,0 

1,3 

26^15° 

21 

545 

567i5,20 

585 

4,2 

0,9 

wavy-grain 

49 

634 

675i3,18 

745 

3,3 

0,5 

0-9° 

107 

525 

593±3,43 

671 

6,0 

0,6 

p0[kg-m-3] 

10-25° 

28 

557 

640±5,68 

675 

4,7 

0,9 

26^15° 

42 

635 

659±1,57 

681 

1,5 

0,2 

p6-basic  wood  density  (oven  dry  weight  of  wood  / green  volume  of  wood) 

p0-the  density  of  oven-dry  wood  (over  dry  weight  of  wood  / oven  dry  volume  of  wood) 
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with  environmental  requirements,  the  tree  growth  rate 
affects  not  only  the  formation  of  wood  but  also  its 
physical  properties  (Yatsenko-Khmelevskyy  1954; 
Zobel  et  al.  1995;  Vintoniv  et  al.  2007;  Grzeskiewicz 
2007;  Hemery  et  al.  2008). To  study  the  influence  of 
wood  fiber  orientation  on  wood  density  of  common  ash 
(Table  4)  all  wood  specimens  were  grouped  depend  on 
the  slope  of  wood  fibers:  a - wave-grained;  b - 0°-9°; 
c -10°-25°;  d - 26°-45°(Sopushynskyy  2011). 

The  wave-grained  wood  of  Common  ash  is  showing 
the  greater  annual  rings  width  (5,1  mm).  Assuming  the 
value  obtained  for  wave-grained  wood  is  1 00%  then  the 
comparison  to  the  value  obtained  for  straight-grained 
wood  indicates  clearly  that  this  macrostructure  has  a 
lower  average  annual  ring  width  of  25%  (Table  4). 

Coefficients  of  variation  of  wood  density  are  ranged 
from  0,9  to  7,1%  and  also  they  indicate  the  statistical 
significance  of  the  research  results.  As  it  was  shown  in 
the  Table  4,  the  wood  density  of  ash  increases  with  the 
rise  of  the  slope  of  wood  fibers.  Thus,  the  average  basic 
wood  density  with  slope  of  wood  fibers  0-9°  appears 
to  be  the  lowest  (511  kg-nr3).  The  density  of  wavy- 
grained  wood  is  more  than  straight-grained  wood  on 
82  kg-nr3  in  the  oven-dry  condition  and  on  70  kg-nr3 
in  the  basic  condition. Theresearch  results  show  that 
the  slope  of  wood  fiber  has  a strong  effect  on  wood 
density  of  common  ash. The  differences  in  variability  of 
mean  values  of  the  annual  ring  width  and  wood  density 
between  wave-grained  and  straight-grained  wood  were 
evident  and  significant  (p<0,05). 

Above  mentioned  specific  diagnostic  features  of  wave- 
grained ash  wood  take  an  important  place  in  the  young 
diagnose  and  breeding  of  ash  trees  as  well  as  care  for 
them.  Hypothetically,  one  could  argue  about  the  genetic 
inheritance  of  this  trait.  Ash  trees  with  wavy-grained  wood 
deserve  special  attention  in  the  context  of  their  selection 
and  plantation  cultivation.  A prerequisite  for  successful 
cultivation  and  conservation  of  Common  ash  with  wave- 
grained wood  is  the  study  of  the  nature  of  its  origin, 
development  and  monitoring  growing  trees  and  woodlands. 

4.  Conclusions 

The  residts  showed  that  the  fresh  broadleaves  ash 
forest  stands  growing  in  Vinnytsya  and  Sokyryany 
regions  of  Ukraine  are  characterised  by  high  forest 
potential  on  the  ash  trees  with  wave-grained  wood.  The 
dendrochronologic  analysisrevealed  that  wavy-grained 
wood  ash  stars  being  produced  at  the  age  around  11-20 
years  old.  The  biometric  characteristics  such  as  diameter 


at  the  breast  height  and  spring  of  crown  between  ash 
trees  with  wavy-grained  and  ash  trees  with  straight- 
grained wood  differ  significantly. 

Statistic  evaluation  of  the  aesthetic  macrostructure 
wood  characters  indicates  that  the  length  of  wave  varies 
from  3,25  to  10,83  mm  and  its  amplitude  - from  0,37 
to  1,74  mm.  The  average  width  and  average  height  of 
anomaly  wood  formation  was  equal  15,89  mm  and  5,00 
mm  as  well  as  their  average  number  in  0,1  m2  was  30. 
Average  annual  ring  width  of  wave-grained  ash  wood 
was  clearly  greater  by  25%  than  in  straight-grained 
wood.  The  relationships  among  the  length  of  decorative 
wood  (Z=l  d),  the  height  to  the  first  living  branch 
(Y=h  ) and  the  diameter  at  breast  height  (X=d, , ) 

v spr.crown'  c>  v l,3m/ 

described  by  the  non-linear  regression  function  Z=  5,3 
+ 0,03Y-  0,87  + 1,0  E-AX2-  1 ,4E  - 5XY  + 0,03  Y2  by 
multiple  R=0,65. 

The  density  parameter  of  wavy -grained  wood  is  bigger 
than  in  straight-grained  wood  by  82  kg-m 3 in  the  oven- 
dry  condition  and  by  70  kg-m'3  in  the  basic  condition. 
The  research  results  show  that  the  slope  of  wood  fiber 
has  a strong  effect  on  wood  density  of  common  ash.  The 
differences  in  variability  of  mean  values  of  the  annual 
ring  width  and  wood  density  between  wave-grained 
and  straight-grained  wood  were  evident  and  significant 
(p<0,05).  The  identification  and  production  of  high 
decorative  timber  is  one  of  the  important  economic  and 
strategic  directions  for  the  sustainable  forestry  and  wood 
processing.  Common  ash  with  wavy-grained  wood  is 
valuable  decorative  material  for  veneer  production. 

References 

Bauch  J.  1980.  Variation  der  Holz  struktur  aufgrund  sekundar- 
er  Veranderungen.  Mitteilungen  der  Bundesforschungs- 
anstalt  fur  Forst-  und  Holzwirtschaft  (BFH,  Hamburg), 
131,  S.  87-97. 

Beals  H.O.,  Davis  T.C.  1977.  Figure  in  Wood.  An  Illustrated 
Review.  Alabama  Agricultural  Experiment  Station, 
Bulletin  486,  pp.  79. 

Bucur  V.  2006.  Acoustics  of  Wood.  Springer  Verlag,  pp.  393. 
ISBN  9783540261230. 

Chovanec  D.  1986.  Identificacne  znaky  yesene  s vlnistym 
lescon  dreva.  Lesnicky  Casopis,  32:  389-396. 

Ewald  D.,  Schneck  V.,  Liesebach  H.  2006.  Riegelahom  - 
Vermehrung  und  Anbauversuch.  In:  Forstliche  Genressourcen 
als  Produktionsfaktor:  Tagungsband  26:  131-132. 

Fumier  Magazin.  2008,  2009.  Supplement  von  Holz- 
Zentralblatt  and  HK,  DRW- Verlag  Weinbrenner  GmbH 
& Co  KG,  Leinfelden  Echterdingen. 


I.  Sopushynskyy  et  A.  Teischinger/  Forest  Research  Papers,  2013,  Vol.  74  (3):  189-195. 


195 


Gottwald  H.  1989.  Eschenrund  um  die  Welt.  Holz  Aktuell, 
7:  24-34. 

Grzeskiewicz  M.  (ed.)  2007.  COST  Action  E53:  Quality  Con- 
trol for  Wood  and  Wood  Products.  Warsaw  University 
of  Life  Sciences,  Faculty  of  Wood  Technology,  pp:  178. 
ISBN  978-83-7244-904-7. 

Harris  J.M.  1989.  Spiral  Grain  and  Wave  Phenomena  in  Wood 
Formation.  Springer- Verlag,  214  p. 

Hemery  G.,  Spiecker  H.,  Aldinger  E.,  Kerr  G.,  Collet  C.  and 
Bell  S.  2007.  COST  E 53.  Quality  Control  for  Wood  and 
Wood  Products.  The  First  Conference.  Warsaw  University 
of  Life  Sciences,  Faculty  of  Wood  Technology:  1-173  p. 

Janssen  J.,Laatz  W.  2007.  Statistische  Datenanalyse  mit  SPSS 
fur  Windows:  ein  eanwendungsorientierte  Einfuhrung  in 
das  Basissystem  und  das  Modul  Exakte  Tests.  Springer- 
Verlag  Berlin  Heidelberg,  817  pp. 

Jozsa  L.A.,  Middleton  G.R.  1995.  A discussion  of  wood  qual- 
ity attributes  and  their  practical  implications.  Special 
Publication  No.  SP-34,  Forintek  Canada  Corp.,  Vancouver, 
BC 

Laminat  Magazin.  2008,  2009.  Supplement  von  Holz- 
Zentralblatt  and  HK,  DRW- Verlag  Weinbrenner  GmbH 
& Co  KG,  Leinfelden  Echterdingen. 

Larson  PR.  1964.  Some  indirect  effects  of  environment  on 
wood  fonnation.  In:  The  fonnation  of  wood  in  forest  trees. 
Acad.  Press,  New  York:  345-365. 

Mayevskyy  V.,  Maksymiv  V.,  Sopushynskyy  I.,  Teischinger 
A.  2008.  The  effect  of  a sawing  angle  on  wood  texture. 
Folia  Forestalia  Polonica.  Series  5,  39:  45-54. 

Normen  fiiberr  Holtz.  2009.  DIN-Taschenbuch  31.  Berlin: 
Beuth Verlag  GmbH,  604  p. 

Pliiira  A.,  Heuertz  M.  Common  ash  ( Fraxinus  excelsior  L.): 
Technical  guidelines  for  genetic  conservation  and  use. 
Rome:  EUFORGEN,  6 p. 


Rioux  D.,  Yamada  T.,  Simard  M.,  Lessard,  G.,  Rheault,  F.J., 
Bluin,  D.  2003.  Contribution  to  the  fine  anatomy  and  his- 
tochemistry of  birdseye  sugar  maple.  Canadian  Journal  of 
Forest  Research,  33  (5):  946-958. 

Schmidt  O.  2002.  Beitragezur  Esche.  Baeryrische  Lan- 
desanstalt  fur  Wald  und  Forstwirtschaft,  94  p. 

Sopushynskyy  I.,  Vintoniv  I.,  Teischinger  A.,  Mayevskyy  V. 
2006.  Selection  of  maple  “birdseye”  (Acer  pseudopla- 
tanus  L.)  in  Ukrainian  Carpathian  Mountains.  In:  Wood 
Structure  and  Properties’06.  Zvolen,  Arbora  Publishers: 
139-142. 

Sopushysnkyy  I.M.  2011.  Methodological  aspects  in  the  struc- 
ture formation  of  decorative  wood.  Scientific  Magazine, 
Scientific  Technical  Collection  (Lviv,  UNFU),  21,  10: 
41-46. 

Sopushysnkyy  I.M.  2012.  Classification  and  grading  of  deco- 
rative wood  quality:  sycamore  (Acer  pseudoplatanus  L.), 
beech  (Fagus  sylvatica  L.)  and  ash  (Fraxinus  excelsior  L.). 
Scientific  Magazine,  Scientific  Technical  Collection  (Lviv, 
UNFU),  22,2:  106-111. 

Surface  Magazin.  2008,  2009,  2010.  Supplement  von  Holz- 
Zentralblatt  and  HK,  DRW- Verlag  Weinbrenner  GmbH 
& Co  KG,  Leinfelden  Echterdingen. 

Vintoniv  I.,  Sopushynskyy  I„  Teischinger  A.  2007. 
Derevinoznavstvo  [Wood  Science],  Navcal’nij  posibnik, 
Lviv,  Apriori,  312  p.  ISBN  966-8256-69-7. 

Wobst  J.,  Oliver-Villanueva  J.V.,  Doebel  R.  1994.  Variabilitat 
der  Faserneigung  im  Holz  der  Esche  (Fraxinus  excel- 
sior L.)  und  Douglasie  (Pseudotsugamenziesii  (Mirb.) 
Franko).  Holz  als  Roh-  und  Werkstojf,  52:  342-346. 

Yatsenko-Khmelevskyy  A. A.  1954.  Osnovy  i metody  anato- 
miceskogo  isledovanija  drevesiny.  Moskva,  Institutlesa 
(Akademija  nauk  SSSR),  337  p. 

Zobel  B.  J.,  Jackson  B.J.  1995.  The  Genetics  of  Wood 
Production.  Springer- Verlag,  363  p.  ISBN  9783540588412. 


Translated  by:  Adam  Kaliszewski 


